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ABSTRACT

The crystal structure of Bamino nicotinic acid6-ANA) which is a derivative ofvitamin B3, was determined
from a sample having aadditional crystalline phase using both laboratory and synchrotroay Yowder
diffraction data.The nature of intermolecular interactions iPABA has beenanalysedthrough Hirshfeld
surfaces and-g@imensionafingerprint plots and compared with thosesmmeothernicotinic acid derivativeé
pair ofintermolecular NHE O and @HE N hydrogen bonds generated cyclit(®) rings in6-ANA forming
one dimensional molecular stripshich are further connected throulyi HE O hydrogen bonds$o produce a
threedimensional supramoleculfiamework.Geometry optimization d-ANA was carried out along with the
molecular electrostatic potential calculatiofitie enrichment ratio of various contacts, calculated 8N\
and some other related compounds retrievednir t he CSD, show an increased prc
contacts to form, which is consistent with the intermolecular interactions, founciystallographicstudies.
Keywords: 6 Amino nicotinic acid, Hirshfeld surface analygfawder diffraction,Qualitative phase
analysis, 8lid state DFT

1. Introduction

Nicotinic acid (pyridine3-carboxilic acid) or NA, also known as niacin or vitamig iB an essential human
nutrient used to treat high blood cholesterol. Deficiency of NA in regulacadietause nausea, skin and mouth
lesions, anemia, headaches, and tiredi¥&sand its derivatives are of considerable importance due to their
biochemical propertieslj4]. While 6-methylnicotinic acid (a derivative of NA) is used as intermediate
during the synthesis of etoricoxib, a A@teroidal antinflammatory dug for treating arthritis and osteoarthritis

[5], the correspondindimethoxymethyl derivative of NA and its sodium salt can act as an organogéjetor [
Several chloro compounds containing NA are important ingredients for agrochemicals, feed additives, animal
food enrichment and pharmaceuticff3. 6-aminaicotinic acid (6ANA), a structural analogue of-amino
benzoic acid, is known to produce bacteriostasis in Escherichia coli and streptococcus haemolyticus and it also
inhibits multiplication of T2 bacteriophage [8. 9}ANA, a main constituent of vitamiB;, is also used to cure
pellagra diseas§l0]. It is surprising to note that the compound\8A in spite of its potential biological
significance has not been structurally characterized till date usiray Xiffraction. The spectroscopic and
structural analysis of-ANA has been, however, reported in the literature [11, 12].

In this paper the crystal structure analysis ofANA (1) using powder Xay diffraction is presentedilthough

single crystal Xrg diffraction (XRD) is the method of choice for determining structure of molecular
compoundsbut there are limitations in this process due to the unavailability of single crystal of adequate size
and quality andab-initio structure determination from poler X-ray diffraction is a far more difficult task than

that of its singlecrystal countergrt.In spite of that, wth recent advances in the direct space approaches for
structure solutiorf13-16], abinitio crystal structure determination from powdeirag diffraction (PXRD) has

been reported for organic systems with considerable molecular flex[tilg0]. It should, however, be noted

that the success of 4bitio structure solution from PXRD is highly dependent on the purity of the sample i.e.
the material should be a singdbased one. The complexity of-atitio structure solution from PXRD increases

by many folds when the material contains multiple crlisglphases. The presepaperreports a successful
attempt of structure solution from PXRD for a sample containiAdl8 as the major phase and some unknown
minor phase(s). DFT calculations were also carried out to confirm the molecular geometAN#&f &nd

2889



JOURNAL oF CRITICAL REVIEWS

ISSN23945125 VOL 7, ISSUE 06, 2020

analyze the electronic structure. An investigation of close intermolecular interactioi$Arand a few related

substituted NA derivatives via Hirshfeld surface analysis is also presented.

2: Experimental

2.1: Source

The compound-@&NA (1) was purclased from Sigma Aldrich with CAS no. 318%-5 and used without any

further purification.

2.2: In-house Xray data collection

Powder Xray diffraction (PXRD) data of were recorded imouse at ambient temperature [293 (2) K] on a

Bruker D8 Advance diffraometer operating in the BragBr ent ano geometry using Cul
1.5418 j) with a step size (2d) of 0.02A and a scan

2.3: Indexing and structure solution from laboratory PXRD

The powder XRD pattern was indexed using finet 20 peaks with the NTREOR cod21] in the program
EXPO-2014[22] which resulted in an orthorhombic unit cell. Given the volume of unit cell anddevaton of

density, the number of formula units (Z) in the unit cell turned out as 4. Statistical analysis of PXRD data using
the FINDSPACE module of EXPO 2014 indicated Rre2the most probable space group, which was used for
structure solution. Thenit cell parameters and space group assignments were validated bBadl fie of

PXRD data using a pseudoigt peak profile functiorf23]jwith FOX. The structure solution was carried out by
global optimiation of molecular models in direct space based on a Moatie search using the simulated
annealing technique in parallel tempering mode as implemented in the progrgib4f0Xe initial molecular
geometry input to FOX was optimized by an energy gradient method as incorporated in the MOPAC 9.0
program[24].

2.4: Refinement using laboratory PXRD data

The best structural model i.e. the structure Wathest R,, was used as the input for Rietveld refinemi@af

using the program GSAf6]. A pseudeVoigt peak profile function was used during refinement and the
background of the PXRD pattern was modddgca shifted Chebyshev function of the first kind with 30 points
regularly distributed over the entire 2d range. The
refinement of positional coordinates of all Aleydrogen atoms. Standard resttaiwere applied to bond lengths

and bond angles, and a planar restraint was used for the pyridine ring. In the final stage of refinement, a
preferred orientation correction using the generalized spherical harmonic model was applied. Hydrogen atoms
were phced at the calculated positions and their coordinates were held fixed. Once the refinement converged, it
was noticed that two relatively weak peaks (owith | e:
31.75° and 45.48 °, respectively, in tXRD pattern had no corresponding calculated positions (Fig. 1).
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Fig. 1: PXRD pattern of CsHgN,O, (1); peaks marked in pink circles have no calculated positions
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Thesetwoveak peaks, however, did not affect our indexing
were considered during the powder pattern indexing and subsequent analysis of structure solution using FOX
was uneventful. The structure determinatiéh was repeated using the PXRD data collected with synchrotron
radiation to crosscheck our findings with the laboratory PXRD data.
2.5: Synchrotron PXRD data collection

The synchrotron Xay powder diffraction pattern was recorded at theBfrl beamihe, Advanced Photon
Source, Argonne National Laboratory.-BM is a bending magnet beamline, equipped with a vertical beam
collimator mirror, a double crystal monochromator with a horizontal sagittal focusing second crystal, and a
vertical focusing mirrarThe powder sample was loaded in a polymide capillary (0.8 mm in diameter) and was
spun at 6000 rpm during measurement. The data collection was made simultaneously by a set of 12 LaCI3
scintillation detectors, with 2 ° separation between the neighbosgtegtdrs, each using a Si (111) crystal as
analyzer. Data were collected at 295 K frefrb ° to 28.0 ° () with a step size of 0.001° and a step time of 0.1
s/ step using a calibrated wavelength ( &)upardgvén. 45900 2
elsewhere [27, 28].

2.6: Indexing and structure solution from synchrotron PXRD

The synchrotron PXRD databh | so i ndi cated peaks at 2d values o
intensity, which could not be indexed using the standard procedure as described earlier. Incidentally, the
synchrotron PXRD data yielded almost identical results as that obtainedtieraboratory PXRD data.
Following structure solution and refinementlofising the synchrotron PXRD data, it was apparent that the
peaks at 2d ~ 9.34 A and 13.22 A could be due to son
data colletion. The search/match program EVA (Bruker AXS, Karlsruhe, Germany) and ICDD Database
(International Centre for Diffraction Data, PDF2 Release 2003) indicated the presence of NaCl in the sample
and the two unindexed peaks in the PXRD pattern correspdmae tmost intense peaks from (200) and (220)
pl anes of NacCl phase. The first peak i.e. from the (
pattern coincided with the strongest peald ahd remained unnoticed earlier. It is interestingdienhat those
extra peaks disappeared when PXRD data were recollected using the sample recrystallized from distilled water.
This fact corroborates with our analysis that the minor phase is NaCl. The strudtureutd also be solved
with the synchrotrofXRD following the same procedure used for laboratory PXRD data.
2.7: Quantitative phase analysis using synchrotron PXRD data
Quantitative phase analysis of the material used for synchrotron PXRD was carried out with GSAS assuming
the sample as a mixtuf two phases, compouridas the major phase and NaCl as the minor phase. Initial
refinement was performed with the major phase i.e. compbwmtl subsequently the minor phase i.e. NaCl
was introduced. The overall scale factor was refined simultaneoutiy tive individual phase fractions.
Following the refinement of background coefficients and the unit cell parameters of NaCl, the profile and
preferred orientation parameters of NaCl phase were refined, while the corresponding parameters and the atomic
coadinates of all nomhydrogen atoms df were held fixed to their earlier refined values. After convergence of
refinement with individual phases, tla@ovementionedparameters of both phasésand NacCl, were refined
simultaneously. In the final stage @finement, the isotropic thermal displacement parameteggs ¢f/all non
hydrogenatoms of both phases were refined individually. The weight fractions obtained after final convergence
were 98.32(1) % fol and 1.68(5) % for NaCl. The fin&ietveldplot (Fig.2) showed an excellent agreement
between the observed synchrotron PXRD profile and the calculated powder diffraction pattern. The molecular
view of lwith atom labeling scheme is shown in Fig. 3. A summary of crystal data and relevant refinement
paraméers forlis listed inTABLE 1.
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Fig. 2: Powder pattern of GHgN.O, (1) (with NaCl) using synchrotron radiation; the high angle
region has been zoomed 20 times

Fig. 3: Molecular view with atom labeling scheme for @HsN2O> (1)
Table 1: Crystal dataand structure refinement parameters for GHeN2O2 (1)

Mol. Wt. 138.13 Density (g/cn) 1.4617(1)
Temperature (K) 295 e ( mn 0.113
Wavelength (A) 0.4590020 No. of variable parameters 144

Crystal system Orthorhombic No. of background points 30
a (A 8.62688(8) Spherical harmonics 16
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b (A) 13.44382(10) Rp 0.0523

c (A 5.41197(5) Rup 0.0766
Volume (A3 627.671(9) R(F?) 0.0938
Space group, z Pnaz, 4 G 1.708

2.8: Hirshfeld surface analysis

The Hirshfeld surfacef29-31] and associated 2D fingerprint pldi32-35] were calculated using Crystal
Explorer[36]. Bond lengths to hydrogen atoms were set to typical neutron valdds<(@.083 A and NH =
1.009 A). For each point on the Hirshfeldisosurface, two distangcéiseddistance from the point to the nearest
nucleus external to the surface, andtlde distane to the nearest nucleus internal to the surface, are defined.

The normalized contact distanceqg) based on gand dis given by
_ G r?/dW de r\e/dW

dnorm - vdw vdw (1)
i e

whereY®™ andrYdW are the van der Waals radii of the atoms. Thevalug,gf, can be negative or positive

depending on whetherthe intermolecular contacts are shorter or longer than the van derWaals separations. The
parameted,,, displays a surface with araghite-blue mlor scheme, where the bright red spots highlight

shorter contacts, the white areas represent contacts around the van der Waals separation, and the blue regions are
devoid of close contacts.

2.9: Electrostatic potential calculation

The molecular electrogia potential (MEP) is an effective tool for identifying and ranking the hydrogen bond
donating and accepting sites in organic compoUBds 38] The electrostatic potential at any pomin the

space surrounding a molecule can be expressed by

4 M reedr ee

R e @

where Z is the charge of the nucleus A locatedR@andm p is the molecular electron density function. The

sign of V() at a particular region depends upon whether the effect of the nucleus or the electomimant

there. The MEP surfaces bfwere generated with BLYB9, 40] correlation functional and a double numeric

plus polariation (DNP) basis set using isolated molecule DFT calculations. All calculations including the
electron densities and esp charges were carried out using the Dmol3lfodene starting atomic coordinates

for property calculations were obtained by geometry optimization of the structure from the finay X
refinement cycle in the solid state with the same correlation functional and basis set. The dispersion correction
was carried out with DFD approach using the TShsme[42]. The electrostatic potentials were plotted on
0.017 au electron density isosurfdd@]. The MEP surfaces have beerapped with a rainbow color scheme

with red representing the highest negative potential region while blue representing the highest positive potential
region.

3: Results and discussion

3.1: Structure description

The overall molecular conformation inan be described by the relative orientation of carboxyl group as well as
the amino group at the para position, with respect to the planar pyridine ring. The amino group displays an
almost planar geometry due to the conjugation of lone pair of nitrogenwitb the aryl substituent, as seen in
aromatic amines. The H1N22-H2N2 angle forl is 117.0 ° which is close to the mean value of 119.4 °,
retrieved from the CCDC search of 291 hits for aminopyridines. Th&lZ5ond distance is 1.344(4) A
(TABLE 2) shaving apartial double bond characteristic of theNGhond

Tabl e 2: Bond | engt hs {HiNYO,(B asdbtdinedifrdm RXRQ dnaysis ( e ) f c

and DFT calculations

V() =B,

Bonds Bond lengths (A) Angles Bond angl es
PXRD DFT PXRD DFT
01 -C6 1.207(3) 1.2487 Cl -N1 -C5 123.6(3) 118.59
02 -C6 1.293(4) 1.3317 N1 -Cl1 -cC2 117.8(2) 123.41
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NI - Cl | 1.337(4) 1.3376 ClL -C2 -cC3 121.0(2) 118.04
NI - C5 | 1.343(3) 1.3642 ClL -C2 -C6 117.4(2) 118.97
N2 - C5 | 1.344(4) 1.3472 C3 -C2 -C6 121.7(2) 122.99
Cl - C2 | 1.384(4) 1.3918 C2 -C3 -ca 119.2(2) 119.52
C2 -C3 | 1.399(9) 1.408 C3 -C4 -C5 118.1(2) 119.15
C2 -C6 | 1.470(4) 1.4587 NI -C5 - N2 116.7(2) 1175
C3 - C4 | 1.384(4) 1.3741 NI -C5 -ca 120.2(2) 121.29
C4 -C5 | 1.401(4) 1.415 N2 -C5 -ca 123.0(2) 121.21

Ol -C6 -O2 124.3(3) 122.52

Ol -C6 -cC2 122.6(3) 121.43

02 -C6 -cC2 113.1(2) 116.06

The distance of N2 from the mean plane through C5, HIN2 and H2N2 atoms is 0.066 A, while the mean
distance for such aminopyridine structures from CSD is 0.074 A. On the other hand, the carboxylic acid group is
also planamaking a dihedral angle of 5.85° with the pyridine plane. TH¢ libnd distances in the pyridine
ring [1.337(4) and 1.343(3) A] agree well with the mean value [1.340 A] of partial double bond distances for C
N bonds in the pyridine groups as retrievashfrthe CSD. In a planar molecule, the torsional angles are either
0° or 180°. The r.m.s. deviation from planarity for torsion angl@B(E 3) in lof 2.16 ° indicates an overall
planarity of molecule. An overlay of molecular conformations of the title comg@ as determined by
synchrotron Xray powder diffraction analysis and theoretical calculations (solid state DFT) is shown in Fig. 4.
The r.m.s. deviations of the geometrically optimized bond lengths and bond angles from the corresponding
crystallographially determined values are 0.02 A and 2.6e$pectively, ih. Close agreement between the X
ray analyzed structure and that obtained via quamt@thanical calculations probably indicates that the
compound studied is a stable conformer.

Table 3: Torsiona n g 1 e s ¢HeNP2 (1) a3 obtaiGed from PXRD analysis

Atoms Torsion angle Atoms Torsion angle
C2-C1-N1-C5 -0.7(4) C3-C2-C601 -176.2(3)
N1-C1-C2-C3 1.9(4) C3-C2-C6-02 4.1(4)
N1-C1-C2-C6 -178.3(3) C2-C3-C4C5 0.3(4)
C1-C2-C3C4 -1.7(4) C3-C4C5N1 0.9(4)
C6-C2-C3-C4 178.5(3) C3-C4-C5N2 177.6(3)
C1-C2-C601 4.0(4) N2-C5-N1-C1 -177.7(3)
C1-C2-C602 -175.7(3) C4-C5N1-C1 -0.7(4)

b o
[
—

powder diffraction data (pink) and DFT calculations (blue) for GsHgN,O, (1)
3.2: Packing

Fig. 4: Superposition of molecular conformation as obtained from synchrotron radiation
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The crystal packing i exhibits an interplay of HHA A A O-HARANO hy d rTABLE#R). bonds (
pair of intermolecular NH1 N2 AAAOH1 ®@8AADR1 hydrogen bonds connect s
glide producing sonedimensionalmolecular strip (A) formed with f(8) rings propagating along the [102]
direction (Fig.5). Anothelonedimensioral strip (B) is formed along the-102] direction when the starting
molecule is taken to be that with the screw symmetry [symmetry eqdy; 1/2+z].

Fig. 5: Formation of two types of chains A and B in gHgN;0,(1) by NHAAAO hydrogen bo
and their connectionby OHAAAN hydrogen bonds, projected al
Table 4: Hydrogen bonds in GHgN,O, (1)

Interaction D-Hv |HAAMWA|DAAAA/|D-HAAAA Symmetry code
N2-H1 N2 AA A 0.86 1.94 2.79894) 173 -1/2+x, 3/2y, -1+z
N2H2 N2 A A Al 0.88 1.97 2.814(3) 160 12-x, -1/2+y, -1/2+z
O2H1 02 AAA 0.82 1.93 2.746(4) 171 1/2+x, 312y, 1+z

Two almost perpendicular strips (A and B) are interconnected BHRIN2 AAAO1 hydrogen bon
individually form G%(16) chains along the [011] direction) producintheeedimensionakage like structure in
I(Fig. 6).

Fig. 6: Formation of three-dimensionalcage like structure by two types of chains A and B in
CsHgN202 (1) produced by NH A A A O -HaAnAdA NO  h lyodds, prgjexted along the [010]
direction
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3.3: Hirshfeld surface analysis

The Hirshfeld surface df has been illustrated in Fig. 7i showing surface that has been mapped ovgr a d

range from-0.5 to 1.5 A. The dominant interactions between the amimiooggn atoms and the carbonyl

oxygen atom can be seen in the Hirshfeld surfadeso§ br i ght red spots | abeled O0a
spots | abeled 6b6 and Ob-NAAAN Fydrogeéen abendi,ttwhodue e
atom (O1) acts as a hydrogen bond donor to the pyridine nitrogen atom (N1). There is no other significant red

spot on the Hirshfeld surface bEhowing the absence of any other weak intermolecular interaction. In the 2D
fingerprint plot (Fig. 7ii) ofl, twos har p spi kes of equal l ength and | abel
<ds+d< 2.4 A are characteristics FNAAAO hydrogen bonds, while the othe
l ength and | abeled as 6HAA Agkh yrid Nbserme of anyacentral spikeiim e d t o
the 2D fingerprintplotofi s a result of | ongl. HAAAH contacts (> 2.5

2.8
2.6
2.4
2.2
2.0
1.8
1.6
1.4
1.2
1.0
0.8
0.6

d

(A) 06081.01.21.41.61.820222426238
(i) (i)
Fig. 7: (i) Hirshfeld surface and (ii) fingerprint plot of CeHgN2O2 (1)
The relative contribution of different intermolecular interactions to the Hirshfeld surfadesiobtinic acid
(NICOACO02) [44] and a few other nicotini acid derivatives retrieved from the CSD such as 6
(dimethoxymethyl)nicotinic acid (TIZSUR)[6], 6-acetamidonicotinic acid (VIPSUI[45] and 6
methylnicotinic acid (AYUMUD)[46] i s shown in Fig. 8 . It is evident fr

interactions contribute almost 70% to the Hirshfeld surface area (69.3%72% in NICOACO02, 82.9 % in
TIZSUR, 71.6% in VIPSUI A, 70.8% in VIPSUI B and 78.4% in AYUMUD). Due to addition of amino group

to the 6position of nicotinic acid, i1, NAAAH contact steadily increases to
to 22% which is the minimum among thesenqgpounds ( Fi g. 8) . The contributi ol
(31.9%) in TIZSUR where the amino grouplitas been replaced by a dimethoxymethyl groug, 18.4%

contribution comes from the CAAAH intcomtactsct i on due to

The enrichment ratio (B47],i.e. the ratio between the proportion of actual contacts in the crystal and
the theoretical proportion of random contacts, has been determined for the intermolecular cahtatstinic
acid and the other related structures from CBBBLE 5) to study the propensity of two chemical species to be
in contact. The value of E is greater than unity for pair of elements with higher propensity to form contacts,
while pairs which tend to avoid contacts yield E values less than unity.the total Hirkfeld surface area is
dominated by HAAAH, OAAAH, NAAAH and CAAAH contact
respectivel y. The corresponding enrichment ratios, h
contacts to form (b = 1.16and Ey = 1.19), which is consistent with the crystallographic results showing
strong OAAAH and NAAAH inter mol ecull&jand Eyvaleegaen bonds
greater than 1 for nicotinic acid and all the other derivativesevet from the CSD. Howevet he HAAAH
contacts are less favored4(F= 0.92) inl as well as the other compounds discussed here. An interesting feature
in the compounds (excep)i s t hat the enrichment rati osCAAGI2, CAAAC
4.57 in TIZSUR, 1.36 in VIPSUI A, 1.28 in VIPSUI B and 3.62 in AYUMUD) due to the presence of very
strong ~AAA° interl&EgtE0MWNs, which is absent in
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AYUMUD
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VIPSUI A mCH

_ W N-H

TIZSUR " O~H

H Others
NICOACO02
Compound 1
0% 20% 40% 60% 80% 100%

Relative contribution (%)

Fig. 6.8: Relative contribution of different intermolecular interactions to the tdltsburfaces of
CsHsN2O, (1), NA and few other NA derivatives retrieved from the CSD

Tabl e 5: Hi rshfeld contact surfaces and der.i
rat i o sgsNOgly andfew other compounds retrieved from the CSD
CeHeN20, (1) NICOACO02 AYUMUD
H|C|N|O H|C|N|O H|C|N|o
Contacts (C, %)
H
34.1 18.4 | 13.2 22 31.8 79| 108 | 31.4 40.8 8.7 11 | 26.6
C
18.4 2.1 1.5 5 7.9 10.1 4.9 1.6 8.7 7.3 1.5 3.6
N
13.2 1.5 0 35 10.8 4.9 0 0.6 11 1.5 0 0
(@]
22 5 35 0.3 31.4 1.6 0.6 0.9 26.6 3.6 0 0.4
Surface (S, %)
609 | 1455 9.1 15.55| 56.85 17.3| 8.15| 17.7| 63.95 142 | 6.25| 155
Random contact (R, %)
H 17.7 18.9 20.1 19.8
37.09 2| 11.08 4 | 3232 | 19.67| 9.27 2 40.9 | 18.16| 7.99 2
C
17.72 2.12 2.65| 4.53| 19.67 299 | 2.82| 6.12| 18.16 2.02 | 1.77 4.4
N
11.08| 2.65 0.83 2.83 9.27 2.82| 0.66 | 2.89 7.99 1.77 | 0.39| 1.94
(6]
18.94| 453 2.83 2.42 | 20.12 6.12 | 2.89| 3.13| 19.82 4.4 1.94 2.4
Enrichment (E)
H
0.92 1.04| 1.19| 1.16 0.98 04| 1.17| 156 1 0.48| 1.38| 1.34
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Cc
1.04 099 057| 11 0.4 3.37| 1.74| 0.26 0.48 3.62| 0.85| 0.82
N
1.19 0.57 0| 1.24 1.17 1.74 0| 0.21 1.38 0.85 0 0
0]
1.16 11| 1.24| 0.12 1.56 0.26 | 0.21 | 0.29 1.34 0.82 0| 0.17
TIZSUR VIPSUI A VIPSUI B
H‘C‘N‘O H’C|N|O H‘C‘N‘O
Contacts (C, %)
H
42.4 8.6 8.6 | 31.9 32.7 13.8 9.9 29 34.5 13.3| 10.3| 25.9
C
8.6 4.9 04 1.9 13.8 25 11 7.2 13.3 2.2 2.3 6.2
N
8.6 04 0 04 9.9 11 0.1 1 10.3 2.3 0.1 3
o)
31.9 1.9 04 1 29 7.2 1 2.6 25.9 6.2 3 24
Surface (S, %)
19.9
66.95 1035| 4.7 | 181 | 59.05| 1355 6.1 | 21.2| 59.25 13.1 7.9 5
Random contact (R, %)
H
24.2 25.0 23.6
4482 | 13.86| 6.29 4 34.87 16 7.2 4 35.11| 15.52| 9.36 4
Cc
13.86 1.07| 0.97| 3.75 16 184 | 165| 5.75 15.52 172 | 2.07| 5.23
N
6.29 0.97| 0.22 1.7 7.2 165| 0.37| 259 9.36 2.07| 062| 3.15
O
24.24 3.75 17| 3.28| 2504 575| 259 | 4.49| 2364 5.23| 3.15| 3.98
Enrichment (E)
H
0.95 0.62| 1.37| 1.32 0.94 0.86| 1.37| 1.16 0.98 0.86 11 11
Cc
0.62 457| 041| 051 0.86 136 | 0.67| 1.25 0.86 128 | 1.11| 1.19
N
1.37 0.41 0| 024 1.37 0.67| 0.27| 0.39 11 111 | 0.16| 0.95
0]
1.32 0.51| 0.24| 031 1.16 125| 0.39| 0.58 11 1.19| 0.95 0.6
The enrichment at i os were not computed when the Arandom
meaningful
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3.4: Molecular electrostatic potential

The MEP surface df (Fig. 9) has been analyzed in terms of infmad intermolecular hydrogen bonds.
The MEP derived charges with density functional BLYP using DMptogram indicated strong negative
charges on the oxygen (O1 and O2) and nitrogen (N1 and N2) ai&B&E 6). The amino nitrogen atom N2
carries the most negative charge due to electron donatingenaftiadjacent hydrogen atoms. The terminal
hydrogen atoms of the amino group (H1IN2 and H2N2) and the carboxyl group (H1O2) carry the most positive
charge as they are adjacent to strong electronegative nitrogen and oxygen atoms, respectively. The C5 carbon
atom being adjacent to both the pyridine (N1) and amino (N2) nitrogen atoms bears a strong positive charge. As
a result of this redistribution of charges, the net dipole momdrisef.68 debye.

Fig. 9: MEP surface of GHgNO2 (1)

The electrostatic potential maxima and minimas M Vsmin associated with different donor and
acceptor atoms serve as good indicators of hydrogen bond validatiombie hydrogen atoms associated with
the carboxyl group (HL1O2) and amino group (H2N2 BAdN2) carry the most positive potential values of 71,
65 and 56 kcal/mol, respectively, and act as strong donors. The carbonyl oxygen atom O1 and pyridine nitrogen
atom N1, correspond to the most negative potential valueilaind-38 kcal/mol, respectaly, and can act as
strong acceptors. High values of Mxand V;min indicate very strong hydrogen bonding, which is consistent
with the resultsTABLE 4) obtained via crystallographic analysis.

Table 6: Table for ESP fitted charges in GHgN,O, (1)

Atom charge (a.u.) Atom charge (a.u.)
C1 0.351 o1 -0.545
C2 -0.259 02 -0.544
C3 0.117 H1 0.082
C4 -0.570 H3 0.119
C5 0.856 H4 0.199
C6 0.591 H1N2 0.396
N1 -0.696 H2N2 0.381
N2 -0.889 H102 0.412
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3.5: Electronic structure

The frontier molecular orbitals HOMO (highest occupied molecular orbital), LUMO (lowest
unoccupied molecular orbital), HOMO (second highest occupied molecular orbital) and LUMO+1 (second
lowest unoccupied state) bare shown in Fig. 10, where colors on the isosurface are to distinguish the phase of
the wave function. These frontier orbitals are the most involved states in electronic traisiedd@MO can
be thought of as the outermost orbital containing electanisit tends to give these electrons and acts as an
electron donor. On the othéand,the LUMO relates to the innermost orbital containing vacant place and
represents the ability of electron accepting. The HOMO electrons are mostly localized 6N th@-C bonds
of the aromatic ring, carbonyl oxygen O1, amino nitrogen N2 atoms, while the LUMO population prevails over
the C2C6 bond, C1, C3, C5, O1, O2 and N2 atoms showing anti bonding characteristics. Energy eigen values
Enomo and Eywmo in | are-5.36 and -1.80 eV, indicating a high energy difference of 3.56 eV between the two
orbitals.

HOMO-1 (-5.79 eV) HOMO (-5.36 eV)

LUMO (-1.80 eV) LUMO+1 (-1.45 eV)

Fig. 6.10: Frontier molecular orbitals of GGHgN,O2 (1)

4: Conclusion

To summarize, crystal structure ofANA (1) has been determined from synchrotromay powder
diffraction data using a sample containing more than one phases. As the sample contained small amount of NaCl
as impurity, the structure d€ould be solved and later quantitative phase analysis wasdcatri with 6ANA
as the major phase and NaCl as the minor phase (impurity). It might not have been possible if the impurity phase
had strong peaks in the 2ANA usedgar maexing the pattem. Theicrysat 2 0
packing ofl hasbeen illustrated by an interplay of-MNi © iand GHi N hydrogen bonds, which assemble
molecules into ahreedimensionakage like structure via the formation of’f8) rings and (16) polymeric
chains. The results also emphasize that a reliable ranking of hydrogen bond donor stieogthbie achieved
by using molecular electrostatic potential (MEP) surfaces and for competing hydrogen bond donors, the
selection depends strongip the MEP values of the acceptor. A comparison of relative contribution of different
interactions to the Hirshfeld surfaces lond a few NA derivatives indicated that H,iNi K and Q K i
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interactions can account for almost 70% of the Hirshfeld saidaea in these compounds. Finally, the present
work clearly demonstrates the potential of PXRD for determining the crystal structure of organic materials even
with more than one phase directly from the bulk powder without the need to grow single @ystaled the

other phase(s) does not hamper the indexing part.
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